Background/Aims: The prognostic value of circulating tumor cells (CTC) detected in hepatocellular carcinoma (HCC) patients is currently under debate. We conducted a metaanalysis of available studies to assess its prognostic value for patients diagnosed with HCC. Methods: Medline, Ovid Database, Embase, The Science Citation Index, and Cochrane library, search was conducted on all studies reporting the outcomes of interest. The studies were set up according to the inclusion/exclusion criteria. Using a random-effects model, meta-analysis was performed using hazard ratio (HR), risk ratio (RR) and their 95% confidence intervals (95% CIs) as effect measures. Heterogeneity of the studies was tested for each pooled analysis. Subgroup and sensitivity analyses were also performed. Results: twenty-three published studies that matched the selection criteria were included in this meta-analysis. CTC positivity was significantly associated with Relapse free survival (RFS) (HR 3.03, 
Introduction
As one of the most aggressive cancers, hepatocellular carcinoma (HCC) occupies 85%-90% of primary liver cancer and it is responsible for significant morbidity and mortality in cirrhosis [1] [2] [3] . One-year survival of patients who show progress over the terminal stage is less than 10% [4] . Recently, international consensus was established to choose the best therapeutic method adapted for each case and expected to obtain the best prognosis, however, owing to the lack of precise markers of distant metastasis and recurrence, the prognosis of HCC patients still failed to get significant improvement. Thus, it is undeniable that early detection of tumors and metastasis is urgently needed in medicine [5] .
In the field of tumor biology, different types of circulating cellular element have been identified as tumor markers [6, 7] . Circulating tumor cells (CTC) specifically refer to the tumor cells shed into blood, bone marrow or lymphatic vessels. These cells have strong potential of distant metastasis, circulating through the bloodstream, traveling to different tissues or organs of body [8] . Many attempts have been made to develop improved enrichment and identification systems to detect or enumerate CTC [9] [10] [11] . As an interesting source of biological information to evaluate dissemination, drug resistance and treatment effectiveness, CTC have been proposed as a monitoring tool in patients with solid tumors, the presence of CTC can reflect the aggressiveness of solid tumors [12] [13] [14] .
Numerous studies have investigated the prognostic relevance of CTC positivity with the progression of various tumors and proved that CTC could be used to estimate prognosis and may serve as an early marker to assess antitumor activity of treatment, predict relapse free survival (RFS) or overall survival (OS) [15] [16] [17] [18] . Although CTC detection has been applied and well documented in different types of cancer, especially breast cancer [19, 20] , CTC detection remains in the experimental field and is not routinely performed in follow-up of HCC. Thus, with the aim to gain a better insight into the prognostic value of CTC in patients with HCC, we conducted a combined meta-analysis of 23 available studies and to determine whether CTC detection indeed provide a more accurately estimate on prognosis of patients with HCC.
Materials and Methods

Literature Search
Medline, Ovid Database, Embase, The Science Citation Index, and Cochrane library were systematically searched without time and region restrictions. The following key search terms were used: ''Circulating tumor cells'' And ''Hepatocellular carcinoma (HCC) '' And ''prognosis''. In order to prevent missing relevant publications, the reference lists of the retrieved studies and reviews were also perused manually to check for potentially relevant studies. Cases of disagreement were resolved by discussing the title and abstract; Fulltext articles (n= 57) were examined and 34 were excluded following the criteria below, and the remaining 23 available studies were applied to determine whether CTC detection indeed provide a more accurately estimate on prognosis of patients with HCC.
Study eligibility criteria
Studies match all of the following inclusion criteria were considered eligible: (1) all enrolled patients were diagnosed with HCC, (2) the samples used in these studies should be peripheral blood, (3) evaluate association between the specific markers of circulating tumor cells and either relapse-free survival (RFS), overall survival (OS), or clinicopathologic parameter of hepatocellular carcinoma, (4) sufficient data to calculate a hazard ratio (HR) or a risk ratio (RR) with a 95% confidence interval (95% CI), (5) exclusion of letters to the editor, reviews, and articles published in non-English language, (6) when studies were based on the same patient population, only the most informative study was included.
Data Extraction and quality assessment
Three reviewers independently extracted data from eligible studies. The following information was extracted: the first author, the year of publication, population characteristics, detection method, the number of cases CTC positivity, prognostic values (OS and RFS), and the number of different clinical and pathological parameters (TNM stage, Tumor size, Vascular invasion, Portal vein tumor thrombus, Tumor number, Serum AFP level). Any disagreements on data extraction and quality assessment of the included studies were resolved through comprehensive discussion and checked by a fourth investigator.
Results
Baseline Study Characteristics 387 studies were initially identified in the literature search. After screening titles and abstracts, 330 studies were excluded and 57 potential studies were reviewed further. An additional 34 studies were then excluded because they were not met the inclusion criteria. Finally, 23 studies were identified as eligible for inclusion in the meta-analysis (Fig. 1) .
The included studies encompassed 1785 hepatocellular carcinoma patients and were conducted in 5 countries (China, Germany, France, Netherlands and Italy), published between 1999 and 2014. All studies analyzing peripheral blood, the number of CTC positive patients was 990 and 795 patients were CTC negative. The baseline characteristics and the quality of the included studies evaluated with the NOS are summarized in Table 1 . 
Overall analysis of CTC effects on survival of patients with hepatocellular carcinoma
We extracted Hazard Ratio (HR) and their associated standard errors on relapse free survival (RFS) and/or overall survival (OS) from the included studies, The HR was measured by comparing the CTC positive and CTC negative. HR > 1 implies a poor prognosis in the CTC positive groups. Data on RFS were available in 5 studies [21] [22] [23] [24] [25] , the pooled analysis showed that the presence of CTC significantly increased the risk of disease recurrence in HCC patients (HR 3.03, 95% CI: [1.89-4.86]; p<0.00001) (Fig. 2) , as the heterogeneity among studies was moderate (p=0.04, I 2 = 60%). The HRs for OS were available in 13 studies [21, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . Pooled analysis showed that CTC positivity was significantly associated with poor OS and increased 
Correlation of Circulating Tumor Cells with Clinicopathologic Parameters
When analyzed the association between CTC and other parameters, Relative Risk (RR) was calculated, RR>1 implied that CTC was associated with parameter. 9 studies [22, 28, 31, [38] [39] [40] [41] [42] [43] (Fig. 4B) , the between-study heterogeneity was moderate (I 2 =33%, p = 0.16). 8 studies [22, 27, 30, 33-35, 38, 39] analysis showed that positive CTC were associated with Vascular invasion (RR=1.99 95% CI: [1.43-2.77]; p<0.0001; random effects) (Fig. 4C) , the between-study heterogeneity was significant (I 2 =49%, p =0.06). 8 studies [27, [36] [37] [38] [39] [40] [41] assessed the relationship between CTC positivity and portal vein tumor thrombus (RR 1.73, 95% CI: [1.42-2.11]; p<0.0001; random effects) (Fig. 4D) , the heterogeneity among studies was moderate (I 2 = 28%, p=0.20). The RRs for Tumor number were available in 6 studies [22, 27, [34] [35] [36] 40] , the estimated pooled RR showed a trend towards greater numbers of CTC with more tumor number, but they did not achieve statistical significance (p=0.07. Fig.  4E ). RRs for Serum AFP level were available in 8 studies [24, 27, 30, 31, 34, 37, 40, 42] . The estimated pooled RRs indicated that CTC was associated with AFP≥400 ng/mL (RR 2.05, 
Cellular Physiology and Biochemistry
Sensitivity analysis and publication bias Sensitivity analysis was conducted by deleting one single study from the overall pooled analysis each time, the result showed that neither the direction nor the magnitude of the estimated pooled results for OS was obviously affected, indicating that no single study dominated our results (Fig. 5) . No significant publication bias was found in the pooled analysis of RFS tested by Begg's test (p=0.541, Fig. 6B) . Furthermore, Egger's test (Fig. 6A ) 
was performed to assess the publication bias of OS in this meta-analysis. The P value of the Egger's test was 0.015, which was > 0.01 but < 0.05, it indicates that there is publication bias existed in this meta-analysis.
Discussion
Numerous studies have showed that the presence of CTC was significantly associated with prognosis or other clinicopathologic parameters in hepatocellular carcinoma. While, the lack of statistical power together with their different studies design and results limited the individual clinical value with the prognostic effect of CTC positivity, the clinical significance of CTC in HCC patients has not yet been confirmed, and whether CTC can be used as a predictive marker for prognosis is controversial.
The results of our meta-analysis show that CTC positivity was associated with poor RFS and OS, significantly increased risk of disease recurrence and death. Moreover, we evaluated the correlation of CTC with the main HCC clinical pathological parameters. Significant correlations were observed between CTC detected in the blood and TNM stage, tumor size, vascular invasion, Portal vein tumor thrombus, tumor number or serum AFP level, but not with tumor number. Thus, CTC positivity in peripheral blood of HCC patients should indeed be considered as a prognostic marker. A sensitivity analysis, performed by removing each study individually, confirmed the stability of our results.
However, during the process of our meta-analysis, several limitations must be noted. We noticed a certain degree of heterogeneity, and potential sources of heterogeneity may derive from the follows: Firstly, different in demographic, clinicopathologic data or characteristics (i.e. age, sex and race) of included patients, particularly, the etiological factors of HCC. The different etiologies include hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, chronic alcohol abuse, non-alcoholic steatohepatitis (NASH), autoimmune hepatitis, liver metastases from other types of cancer and so on. Hepatitis is the leading cause of HCC in Asia, while in Europe, the majority of cases was based on heavy chronic alcohol abuse. Therefore, the integration of CTC detection in homogeneous patients may more accurately predict the tumor response. Secondly, types of target tumor markers, standard of CTC positivity and detection method. The hepatocellular carcinomas can synthesize various tumor-related proteins, polypeptides, and isoenzymes more or less specific of the hepatoma tissues as well as the corresponding mRNA [50, 51] . We observed that many specific HCC markers are available and useful for the detection of the CTC, duo to the heterogeneity of the hepatocellular carcinoma, at least partly. About the standard of CTC positivity, the cutoff value and blood collection were different among studies. Different methods have different definitions, Furthermore, the definitions of CTC positivity and blood collection in the studies that using the same method such as ICC were also different. Various methods have been developed and optimized for CTC detection. Immunocytochemistry (ICC) and reverse transcriptase polymerase chain reaction (RT-PCR) are the two main approaches currently. Real-time polymerase chain reaction is a method that in addition to be specific by the nature of the primers used which can specifically amplify the number of copies of mRNA originally presents in the sample, such as AFP mRNA. Among various ICC methods, the Cell-search system is the only assay authorized by the U.S. Food and Drug Administration (FDA) for clinical use. This system is mainly based on semiautomatic isolation of epithelial tumor cells using immunomagnetic separation technology, and has been widely used in a number of malignancies, mainly is breast cancer [52] [53] [54] . In our analysis, the number of studies using RT-PCR to detect CTC is nearly equal to the number of studies using ICC. Subgroup analyses for OS stratified by detection method were performed. Subgroup analysis pooled HRs for OS are stably statistically significant in RT-PCR, Cell-search and other ICC subgroups with no heterogeneity. The pooled results are fairly stable and not influenced by the CTC detection method firmly provides evidence that the presence of CTC in peripheral blood indicates poor prognosis in patients with HCC. In addition, sampling time, also an important factor that leads to heterogeneity and interferes the prognostic value of CTC positivity. Huang, et al [55] found that the prognostic and predictive significance of CTC was relevant to CTC sampling time through analyzed the effect of CTC as a predictive biomarker according to different sampling times. We addressed the issue of heterogeneity by a rigorous methodological approach that used the random-effects model for more conservative estimates. However, heterogeneity could be decreased but not eliminated. Something else was also responsible for the limitations. Firstly, it is the inability to access primary data of the included studies. Prognostic factors of hepatocellular carcinoma are complicated, while there is very limited data on the clinical relevance of CTC positivity in HCC patients. Our data for meta-analysis was from the included studies and primary data was inaccessible, thus, we were unable to exclude every possible confounding factor. Moreover, several studies did not provide HRs directly and we must estimate them from the available data according to the method reported by Tierney J.F. [48] . Furthermore, studies introduced to pooled analysis have relatively small sample size and language restriction of our analysis to published studies written in English, may also result in publication bias. Our meta-analysis also indicates that CTC were associated with the RFS and OS and clinical pathological parameters (TNM stage, tumor size, vascular invasion, portal vein tumor thrombus, AFP level) of HCC patients, although we were unable to conduct analyses considering certain potentially relevant factors.
In conclusion, the present results support the notion of a strong prognostic value of CTC in HCC. CTC could be useful as an effective indicator to evaluate the poor clinicopathological prognostic factors in the progression of HCC. In future, well-designed, large-scale, detailed and accurate studies are required to explore CTC predictive value for the prognosis of patients with HCC.
